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The patch test is the exclusive means of
recognizing the state of allergic contact sensiti-
zation. Since the reaction is not mediated by
circulating immunoglobulins, none of the ex-
quisitely sensitive methods of classical immunol-
ogy can be brought to bear. Instead, it is
necessary to use the most primitive of diagnostic
technics, the reproduction of the dermatitis in
miniature by patch testing. No procedure is
simpler and yet none more productive of falla-
cious interpretations. Positive reactions do not
invariably signify sensitization and negative
ones do not rule it out. It is with the latter
problem, insufficient sensitiveness, that this paper
is concerned.
False negative reactions, that is, unreactive
patch tests when the subject is actually sensi-
tive to the test agent, are most often en-
countered in weak states of sensitization. We
shall directly exclude from further consideration
technical faults of patch testing which reside
mainly in the tester and not in the test. Ob-
viously, exposure factors should be optional. It
happens, however, and more frequently than
realized, that conventionally performed patch
tests may fail to disclose sensitization.
Perhaps the most instructive example is the
confusion in diagnosing contact sensitivity to
neomycin. S. Epstein believes that as many as
50% of neomycin sensitive subjects may be un-
reactive to standard patch tests (1). The
allergic state of these contact negative persons
can sometimes be revealed by the tuberculin-
type response produced by intradermal injec-
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tion of 0.1 to 1.0% solutions of neomycin (2).
Neomycin sensitivity has unusual features and
missed diagnoses are common. It often appears
as an aggravation of some pre-existing derma-
toses (3). Apparently diseased skin is more
permeable or more reactive to neomycin con-
tact. Nonetheless it remains a disturbing para-
dox that a dermatitis produced by contact is
not revealed by contact. Some limitation in the
nature of the diagnostic contact exposure, the
patch test, is suggested. That this is actually the
case has been demonstrated by Calnan and
Sarkany who found that practically all
neomycin-sensitive subjects became patch test
positive by the simple maneuver of increasing
the concentration to 5% (4). The causative
proprietary ointments, usually one tenth as
strong, are hence not very suitable for patch
testing. Similarly, E. Epstein generally found
it unnecessary to resort to intradermal testing
by increasing the neomycin concentration to
20% using 48 hour exposures with special patch
test plasters (5). Actually Pirilä and Rouhunko-
ski think it wise to go to 50% to avoid false
negative responses (6). The factor of concentra-
tion is critical for agents to which the normal
skin is almost completely impermeable. We
have barely been able to detect radio-labeled
neomycin in the deeper portion of the horny
layer even after prolonged occlusive contact.
Clinicians have sometimes noted, not without
puzzlement, that certain contact sensitive sub-
jects react only at previous sites of healed
dermatitis and not on uninvolved skin (7).
These are not instances of local hypersensitivity,
an immunologic impossibility, but probably
reflect the greater permeability of recently in-
flamed skin.
Other reports of false negative patch tests are
easy to find though not usually represented as
such by their authors. Thus, Freedman and Fish
noted that dentists sometimes observe swelling
of the soft tissues of the face 24—48 hours after
the injection of procaine (8). These authors
interpret this not as contact allergy but rather
as "tuberculin" allergy. That this characteriza-
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tion is unwarranted is illustrated by the fact
that 40% of their subjects were patch test posi-
tive. This circumstance is akin to the neomycin
paradox; procaine is poorly absorbed. Similarly
Epstein and Pinkus considered that they were
dealing with a case of tuberculin-type allergy
when a nurse with contact allergy to penicillin
reacted by intradermal but not by patch test-
ing (9). The obvious contradiction of contact
sensitized persons failing to react by contact
necessitates an investigation of patch testing
methodology rather than scholastic interpreta-
tions. An equal degree of confusion surrounds
the question of whether trivalent chromium is
an allergen. It is a common belief that dichro-
mate (hexavalent) sensitive subjects do not
react to patch tests with chromium (trivalent)
salts, from which it is inferred that trivalent
chromium cannot induce contact sensitization.
It is altogether extraordinary that Samitz and
Katz should subscribe to this view when their
own careful work demonstrates that skin
strongly binds trivalent chromium and indeed,
promptly reduces Cr" to Cr" (10). Merely by
increasing the concentration of chromium chlo-
ride, Fregert and Rorsman demonstrated the
allergic reactivity of dichromate sensitive sub-
jects to Cr" (11). In a later paper I shall show
that trivalent chromium is a potent sensitizer as
well as elicitor. One may begin to get the impres-
sion that patch testing is more productive of
dispute than diagnosis.
Hjorth points out that many therapeutic
creams contain minor ingredients to which the
patient may become sensitized (12). For ex-
ample, esters of p-aminobenzoic acid (Para-
bens") may be used as preservatives. But, be-
cause patch tests on normal skin with the
proprietary creams are negative, treatment is
not stopped despite aggravation of the derma-
titis. Here again, the patient unwittingly "dem-
onstrates" contact sensitivity while the physi-
cian, relying on patch tests, may remain
unenlightened. The controversy over the cause
of inflammatory nail bed reactions consequent
upon the use of nail polish undercoats is another
example of false negativity accompanied by too
little awareness of the diagnostic limitations of
conventional patch testing (13). Because the nail
plate is ordinarily so impenetrable and the pa-
tients so often unreactive to patch tests, there
was unwillingness to diagnose contact sensitivity.
Rein and Rogan uncovered only five positive
patch reactions among 32 patients (14). We
later established (unpublished work) that the
undercoat contained incompletely cured resins
which induced contact sensitization. Routine
patch test exposure with such semi-solid sub-
stances is too brief and does not correspond to
t.he constant presence of the allergen, further
protected under a layer of nail polish.
When patch tests are negative in suspected
cases of contact allergy, S. Epstein has demon-
strated the value of intradermal testing (15).
There can be no question that intradermal in-
jection can produce specific allergic reactions in
contact sensitivity. This technic has often been
successfully used in experimental studies of
contact allergy in the guinea pig. Still one must
vigorously object to Epstein's proposal that
there are two distinct species of contact allergy,
t.he "epidermal" and the "dermal," the former
diagnosable by patch test and reflected mainly
by epidermal pathology and the later by ultra-
dermal testing, reflected mainly by dermal pa-
thology. This is not the place to argue this issue
except to remark that, despite varying clinical
pictures, contact allergy always involves the
dermis, first and foremost. The epidermis is not
involved at all in threshold reactions and, most
emphatically, there is no pure "epidermal" al-
lergy. That the skin has two allergic coats,
with two independent shock organisms, con-
founds and contradicts existing knowledge. So
the patch test not oniy belies diagnosis but
bedevils doctrine as well.
Intradermal testing cannot be a general solu-
tion to the problem of false negative patch tests.
Injection of allergens which are also irritants
may give toxic responses which are hard to
interpret. Suitable non-toxic vehicles for in-
soluble allergens are often not at hand. Intra-
dermal reactions are often of indecisive size.
The most objectionable feature is that many
allergens too often fail to excite a reaction when
injected. This has been my experience repeatedly
with water soluble, non-irritating allergens such
as penicillin, procaine and Apresoline". Pre-
sumably these substances are too rapidly cleared
from the skin. Blumenthal and Jaffe compared
patch and intradermal tests with equal concen-
trations and frequently found negative ultra-
dermal responses when patch tests produced
typical contact eczema (16).
The patch test, beguilingly simple as it seems,
is nonetheless a complex diagnostic procedure
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which it behooves to be modified and improved
as circumstances warrant.
Another example of patch test results which
may lead to false interpretations is in establish-
ing the spectrum of cross reacting congeners to
a particular allergen, sulfathiazole for instance.
It is a common experience that each sulfathiazole
sensitized subject seems to have a different pat-
tern of cross-reactions to other members of the
"para" group; for example some, but not all,
cross-react to sulfonalamide, some to sulfadiazine,
etc., etc. In our experience such differences
mainly reflect differences in permeability, and
are not due to different ways of becoming sensi-
tized to various portions of the sulfathiazole
molecule.
There are additional reasons for not perform-
ing all patch tests in a routine manner. In the
course of developing more reliable methods for
detecting contact sensitizers using thousands of
prisoner volunteers, we learned painfully and
tardily that the insensitivity against which we
were struggling was often assignable to a source
which we hardly suspected, namely, the challenge
patch test. It is inevitable in routine screening
of new substances that many will be weak sensi-
tizers. Moreover, even with potent allergens
some test subjects will reach only threshold
states of sensitization which are not easily recog-
nized. The crux of the problem is to make sure
that marginally sensitized subjects do not es-
cape detection. These cannot be identified if
the agent has extremely low penetrability
through normal skin and therefore never comes
into contact with immunologically reactive
tissues.
The horny layer is the main obstacle or "bar-
rier" to penetration. Its presence is antagonistic
to the intent of patch testing. It is a coherent,
though membranous sheet less than 20 m thick
in most areas (17). Stripped of its stratum
corneum, the skin becomes freely permeable. In
challenge patch testing we wish to measure only
the allergenicity of the test substance, not its
penetrating capacity. Nor are we assessing the
efficiency of the horny barrier of a particular
subject. These are extraneous variables which
should be experimentally excluded. It was pre-
cisely this factor which Spier and Sixt had in
mind when they devised their "Abriss-Epicutan-
test" (18). By Scotch-tape stripping the skin
six times, they achieved a ten-fold increase of
patch test sensitivity to such agents as chro-
mium, novocaine and turpentine; that is to say,
stripped skin reacted to concentrations Moth
these which were threshold for normal skin.
By stripping 12 times, the sensitivity was some-
times increased thirty-fold. These authors noted
that the "Abriss-Epicutantest" was occasionally
positive when conventional patch testing of
clinic patients was negative. Less satisfactory,
technically, is the method used by Sidi, Hincky
and Longueville to demonstrate neomycin sensi-
tivity. They by-passed the horny layer by ex-
coriating the skin (19).
The size of the problem finally impressed it-
self upon us by a quite common experience dur-
ing experimental sensitizations involving appli-
cations to deliberately inflamed skin. Often
during induction, the traumatized skin would
flare in an obvious allergic reaction; yet the
subsequent challenge patch test on normal skin
would fail to disclose the manifest sensitization.
It was precisely this trying experimental ex-
perience which was the goad to developing the
"provocative" patch test.
These studies were part of a program aimed at
overcoming the deficiencies of current methods of
"predicting" or identifying contact allergens. The
subjects were healthy adult male prisoner volun-
teers, between the ages of 20 to 50. On the average
90% were Negroes. Marginally positive patch tests
are more difficult to read in Negroes who more-
over tend to have skin less reactive to chemicals.
The preponderance of pigmented subjects was
salutary for the problem being investigated, to
'light-up' the allergic patch test. The sensitizations
were all deliberately induced using many different
allergens under intense conditions of exposure. The
procedure, called the "Maximization" test (the
last paper in this series), is designed to potentiate
whatever capabilities an agent has for inducing
contact sensitization. Briefly, it consists of a course
of 5—48 hour exposures to a single skin site which
has been previously inflamed by treatment with
aqueous 5% sodium lauryl sulfate (SLS). Twenty
five subjects comprise a test group; the challenge
patches are applied to the normal skin of the back
two weeks after the last exposure. These consist
of a one inch square of a non-woven cloth (Webril-
Curity) sealed to the skin under impermeable
plastic tape (Blenderm-Minnesota Mining Corp.).
This tape is in turn reinforced by ordinary white
adhesive tape and the whole finally fastened by
overlapping strips of perforated plastic clear tape(Johnson & Johnson). This rugged construction
is to guarantee intimate exposure under complete
occlusion for 48 hours at which time the patch is
removed and "read." The site is again examined
in another two days to pick up occasional sluggish
reactions.
The test chemicals, finely ground, are blended
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into white petrolatum and a volume of 0.4 gram
is delivered to the patch with a plastic syringe;
this is a generous amount which is known by test
to be in excess. The usual concentration of the
test agent is 10%, or with toxic substances, the
highest conCentration which is non-irritating to a
group of ten non-allergic subjects. The minimum
criterion of a positive challenge reaction is a uni-
form, crisp erythema. Histology verifies that such
marginal reactions are indeed allergic, though of
course, erythema is hardly a specific sign of con-
tact sensitization.
We had the privilege of having a steady stream
of sensitized subjects on whom to evaluate patch
test procedures. Thousands of inmate volunteers
participated in these experimental sensitizations
over the past six years.
Assessment of Various Provocative Procedures
Preliminary studies were carried out with a
number of technics which mildly damaged the skin
and increased its permeability. Haxthausen was the
first to study this question in detail (20). Curiously
he observed that most forms of mild injury im-
mediately preceding patch testing inhibited or
weakened the reactions: freezing with ethyl chlo-
ride, mild burns, erythema doses of ultra-violet
light, and strong acids and bases. Although Hax-
thausen's contributions to the subject of contact
allergy are unforgettable, our experience is over-
whelmingly contradictory. Every type of mild in-jury, physical or chemical, either tended to en-
hance the reaction or had no influence. Threshold
erythema doses of ultra-violet light were rather
ineffective. Other irritating agencies which intensi-
fied the response but gave little promise of useful
application, either because of inconsistent results,
difficulty in standardization, or confusion in inter-
pretation were: ethyl chloride freezing for five
seconds, ten minutes of iontophoresis of physio-
logic saline (current density, 3 MA/cm2), three
minute application of 50:50 chloroform-methyl al-
cohol, cantharidin blisters, 20 minute applications
of 20% aqueous trichloracetic acid, and mild sand-
papering. Of these, iontophoresis was often im-
pressive but was discarded because individual
subjects responded in unpredictable ways. Rebello
and Suskind, too, found that pre-treatment with
kerosene, potassium laurate and even mineral oil
increased the allergic reactions to dinitrochloro-
benzene (21).
After experience was gained in hundreds of
trials, it was deemed wise to avoid uncertainty of
the interpretation by so minimizing the chemical
insult that little or no inflammation resulted. The
qualification of using threshold insults narrowed
the field to a few technics; henceforth, the term
'provocative' will be applied to procedures which
enhance the allergic skin reaction. Incidentally, we
did not find Fernstrom's sponge-pressure patch
test to give augmented responses under our con-
ditions (22).
Firstly, subjects known to be sensitive were se-
lected and their allergic reactions "titrated" by
applying a graded series of dilutions to both pre-
pared and normal skin. This is a particularly valu-
able maneuver which directly measures whether
sensitivity has been promoted.
The second method was to test each subject of
the 25 member panel undergoing the maximization
procedure by the standard patch test as well as
provocatively. This revesled how often sensitized
subjects would have been missed by standard
challenge tests.
Comparison of Provocative Pre-Treatment
with Sodium Lauryl Sulfate, Octylamine
and 10 Scotch-Tape Strippings
Fifty subjects were selected who had been pre-
viously sensitized to at least one of the following
agents: penicillin, streptomycin, benzocaine, by-
dralazine hydrochloride (Apresoline®), Furacin®
and Thephorin®. For each allergen, threshold con-
centrations were established on normal skin by
patch testing with the following dilution series:
1:10, 1:100, 1:500 and 1:1,000. (This is not a criti-
cal threshold determination since a subject who
reacts to 1:100 but not to 1:500 might react to
1:300: this would triple his threshold value). The
determined threshold concentration was uniformly
diluted 10, 20, 50 and 100 times and the entire
series applied to provocatively prepared sites on
the back simultaneously. The control consisted of
petrolatum appbed to the insulted site.
One site was Scotch-Tape stripped ten times
with firm finger pressure. A greater number of
strips tended to produce too much redness. Octyl-
amine, a highly irritating liquid which is known to
increase skin permeability was applied aS a satu-
rated pad for 20 seconds. A 10% aqueous solution
of sodium lauryl sulfate (SLS) was applied for
one hour by the standard occlusive patch test
described above, wetting the 'Webril' cloth with
0.40 ml of solution. Our choice of this irritant
stemmed from earlier researches by others who
found that anionic detergents such as soap greatly
increased the permeability of skin (23), and that
the induction of sensitization can be promoted on
SLS inflamed skin (24). We explored soap, itself,
various alkyl sulfates and alkyl benzene sulfonates,
all anionic, irritant surfactants. The greater irri-
tancy of the C12 (lauryl) derivatives was easily
confirmed (25). We were able to show that the
penetration of C1' labelled radio-testosterone was
immediately enhanced after a one hour occlusive
treatment with 10% SLS. We chose SLS because it
is readily obtained in relatively pure form.
The results are shown in Table I. All three pro-
cedures were effective in enabling the prepared
skin to react at significantly greater dilutions than
normal skin. Stripping was inferior to the other
two; in no instance could the allergen be diluted
100 times and only one reactor was encountered
at 50 times above threshold. Spier and Sixt's re-
sults were exactly confirmed (18). SLS was supe-
rior to octylamine but this did not really become
apparent until 50 and 100 times threshold. With
some statistical liberties, the total number of re—
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TABLE I
Comparison of ,SLS, stripping and octylamine as provocative procedvres
actors to all allergens for all dilutions have been
summed and divided by the number of subjects to
yield an average score, an oversimplified index of
comparative effectiveness. These were in descend-
ing order: SLS 2.3, octylamine 1.8 and stripping
1.1. The single result which most emphatically ex-
presses the superior magnifying effect of SLS pre-
treatment is that at 100 times threshold, 13 of the
50 sensitized subjects were capable of reacting as
compared to none for stripping, and five for octyl-
amine.
Comparison of SLS, Stripping, Phenol and
Dimethylsulfoxide as Provocative Agents
Dimethylsulfoxide (DMSO) is an unusual water
and lipoid miscible solvent which is receiving con-
siderable attention because of its capacity to in-
crease the permeability of biologic membranes
(25). Stoughton found that DMSO promoted the
penetration of Privine®, fluocinolone and an anti-
cholinergic substance through human skin (27).
Kligman confirmed Stoughton's findings and addi-
tionally described the irritating qualities of high
concentrations of DMSO (28).
Phenol was applied as a 5% solution for one
hour. This is a sub-cauterant concentration which
alters the horny layer and excites little inflamma-
tion. As before, SLS was applied as a 10% solu-
tion for one hour. Stripping was done in the usual
fashion (10 strips). DMSO, 70% in water, was
applied occlusively for one hour, the highest con-
centration which produces no or mild irritation.
Twenty-five nickel positive subjects were se-
lected. These had been found to react on the
normal skin to 5% nickel sulfate, the only con-
centration with which they were tested. Four ten-
fold dilutions were made from the 5% concentra-
tion; the latter, it should be noted, was not
determined to be threshold. The titration thus
covered the range from 5.0% to .0005%. The vari-
ous procedures were evaluated one at a time at
four to six day intervals in the sequence: SLS,
phenol, standard patch, DMSO and stripping. This
is not a perfect design, but a large experience
does not warn against serious warping of the result
by repeated multiple patch tests over a short time,
especially with diluted allergens.
RESULTS
Number of
sensitized
subjects
SLS Scotch tape stripping Octylamine
(l0%—1 hour) (10 times) (20 seconds)
1:10 1:20 1:50 1:100 1:10 1:20 1:50 1:100 1:10 1:20 1:50 1:100
Penicillin G
Streptomycin
Benzocaine
ApresolineR
FuracinR
Thephorin'
6
11
5
13
9
6
6/6 5/6
10/11 7/11
5/5 3/5
12/13 10/13
9/9 4/9
6/6 3/6
2/6
6/11
2/5
7/13
3/9
2/6
2/6
2/11
0/5
4/13
3/9
2/6
5/6
8/11
5/5
9/13
5/9
6/6
2/6
4/11
2/5
5/13
2/9
1/6
0/6
1/11
0/5
1/13
0/9
0/6
0/6 6/6
0/11 10/11
0/5 5/5
0/13 13/13
0/9 8/9
0/6 6/6
5/6
7/11
2/5
8/13
3/9
2/6
1/6
3/11
1/5
4/13
1/9
1/6
1/6
2/11
0/5
2/13
0/9
0/6
Total 50 48/50 32/50 22/50 13/50 38/50 16/50 2/50 0/50 48/50 27/50 11/50 5/50
Average Score
(Sum ÷ 50)
2.3 1.1 1.8
The results are shown in Table II. The sums
of all reactors for each of the dilutions is de-
picted in the cumulative reaction rate and gives
a descending order of enhancement as follows:
SLS, DMSO, stripping, phenol and normal skin.
All methods were promoting but to vastly differ-
ent degrees. SLS and DMSO were by far the
most effective. Comparing reaction rates at
the highest dilutions shows the true measure of
difference among the various procedures since
the majority reacted even on normal skin at
the first ten-fold dilution. For example; at .005%
SLS gives twice as many reactors as stripping
and three times as many as phenol. The differ-
ence between SLS and DMSO is not statistically
significant; however, in several hundred addi-
tional patch tests with a variety of allergens in
which DMSO and SLS were haphazardly com-
pared, the latter seemed somewhat more depend-
able. DMSO provocative tests tend to have
sharper borders and may on this account be
easier to read by the uninitiated. The SLS sur-
factant tends to spread and the margins are ac-
cordingly fuzzier.
The SLS Provocative Test
A major prospective use for provocative test-
ing is in screening new substances for allergenic-
ity. Volunteers undergoing the maximization
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TABLE II
Titration of nickel sensitivity by various provocative procedures
Method 5.0 0.5 0.05 0.05 0.0005 r'ie
Standard patch (Normal skin)
SLS (10%)
DM80 (70%)
Stiipping (10 times)
Phenol (5%)
25/25
25/25
25/25
25/25
25/25
18/25
25/25
25/25
22/25
22/25
7/25
18/25
17/25
12/25
11/25
1/25
11/25
8/25
5/25
3/25
0
6/25
5/25
1/25
0/25
51/125
85/125
80/125
65/125
61/125
TABLE III
SLS provocative test
b Inducing Challenge Standard Provocative Improved ratioU s ance
concentration (%) concentration (% patch test patch test of detection
Potassium dichromate
Mercuric chloride
Cobaltous sulfate
Penicillin G
FuracinR
Streptomycin
Ammon. mercury
Neomycin sulfate
Kanamycin
Benzocaine
Epoxy Resin
Apresoline1t
Thephori&t
Monobenzyl ether of h3dro-
quinone
Tetrachlorosalicylanilide
Tetramethyl-thiruam disulfide
2.0
2.0
25.0
25.0
10.0
25.0
25.0
25.0
25.0
25.0
10.0
5.0
10.0
10.0
5.0
25.0
0.25
0.05
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
5.0
10.0
5.0
0.5
5.0
14/25
21/25
17/25
4/25
3/25
12/25
10/25
1/25
2/25
0/25
19/25
12/25
8/25
8/25
21/25
4/25
24/25
23/25
20/25
16/25
7/25
20/25
13/25
7/25
11/25
5/25
21/25
25/25
23/25
9/25
22/25
4/25
1.7
1.1
1.2
4.0
2.3
1.7
1.3
7.0
5.5
5.0
1.1
2.1
2.6
1.1
1.1
0
procedure have been challenged simultaneously
by both standard and provocative patch tests.
The increased sensitivity afforded by provoca-
tive patch testing with 16 different allergens is
shown in Table III.
It is abundantly clear that without provoca-
tive testing a great many sensitized subjects
would have been overlooked (Figs. 1 and 2).
This procedure was indispensable for identifying
weaker contact allergens and marginally sensi-
tized subjects. To cite some examples: of five
benzocaine-sensitized subjects identified by the
provocative test, none reacted to the routine
patch. Provocative testing identified four to
seven times as many sensitized subjects in the
cases of penicillin G, neomycin sulfate, kanamy-
cm and benzocaine; twice as many in the
instances of Furacin', ApresolineR and Thepho-
rinR. Provocative testing is nonetheless not in-
variably advantageous. It does not result in a
significantly higher yield in the cases of mer-
curic chloride, cobaltous sulfate, ammoniated
mercury, Epoxy resin, monobenzyl ether of
hydroquinone, tetrachlorosalicylanilide and tet-
ramethyl thiuram disuffide. Analysis promptly
reveals fundamental common attributes of those
agents whose patch test sensitivity is not sub-
stantially increased by provocative testing. What
sets these apart is lipoid solubility and strong
irritativeness in higher concentrations. Generally
speaking, lipoid solubility confers greater pene-
trating capability. Moreover, irritating sub-
stances tend to act provocatively in their own
right. One may also observe that these agents
tend to be more potent allergens.
Conversely, provocative testing is most re-
warding with substances of the following general
characteristics: water solubility and lipoid in-
solubility, usually signifying poor penetrability.
They tend to be non-irritating and most are
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Fie. 1. Standard patch test with 10% neomycin sulfate in petrolatum. This was a
questionably positive reaction with barely discernible erythema.
FIG. 2. SLS provocative patch test with 10% neomycin sulfate in same subject. The
allergic reaction has obviously been magnified.
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Fie. 3. Histologic pattern of the SLS provocative test shown in Fig. II. This is basically
the portrait of allergic contact dermatitis with perivascular islands of lymphocytes and
epidermal spongiosis. The minor irritant effect of SLS is limited to the outer epidermis.
The granular layer is reduced and the cell outlines less distinct.
comparatively weaker allergens. Examples: peni-
cillin, neomycin, kanamycin and streptomycin.
The importance of provocative testing in bring-
ing neomycin sensitivity to light is particularly
noteworthy in view of the introductory discus-
sion. Scores of provocatively positive patch
tests were studied histologically to make certain
that the tissue reaction was characteristic of
allergy, namely a perivascular island of lympho-
cytes with spongiosus and exocytosis (Fig. 3).
Duration of Provocative Effect
Customarily the allergen is applied immedi-
ately after the one hour exposure to SLS. The
skin treated with SLS alone is scarcely altered
histologically at that time, but signs of mild,
principally epidermal, damage develop during
the next 24 hours. Microscopic traces of injury
remain for days. Clinically the surface may
show a slight glaze, and occasionally mild
erythema.
To learn over what period of time SLS treated
skin would potentiate allergic reactions, 20 sub-
jects were selected who had been found to react
only provocatively and not on normal skin.
Three sites were treated with 10% SLS for one
hour. The allergen was applied immediately af-
ter the SLS exposure on the first site, one day
later or the second and three days later on the
third.
Table IV displays the results for a number
of allergens. The potentiating effect persists
intact for at least one day, though perhaps a
little weakened as judged from the intensity of
the reaction. Approximately half were reactive
after three days, while control patches on normal
skin were without effect.
It is simplest, and probably best, for maximum
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effects to apply the allergen immediately upon
removal of the SLS patch.
Nature of the Provocative Test
Mild injury to the skin is an absolute pre-
requisite for effective provocative patch testing.
The evidence of damage may be almost en-
tirely microscopic. Twenty-four hours after a
one hour 10% SLS exposure there is a very
mild perivascular mononuclear infiltrate and
toxic damage to the outer Malpighian layer
evidenced by indistinct eosinophilic cells and
a diminished granular layer. The horny layer
tends to be shattered or missing. By 48 hours,
the lymphocytic infiltrate, occasionally contain-
ing a few polymorphonuclears, has increased
somewhat and parakeratotic segments may ap-
pear. This picture of mild inflammation is re-
duced by the third day; repair is almost com-
plete by the fourth day, with mild acanthosis.
The mild inflammation thus gradually swells to
a maximum at 48 hours and then resolves with
great speed in another two days. In the provoca-
tive test, the irritant and allergic reactions
evolve concomitantly, in phase, reaching a peak
at 48 hours. When allergen application is delayed
three days, inflammation has almost waned and
the provocative effect is weak. The sequence of
changes in the skin's response to irritants is, as
Miescher convincingly showed years ago, almost
the opposite of that of the allergic reaction
(29). In the former, damage begins in the outer
epidermis with secondary 'descent' to the dermal
vessels. By contrast, the dermal vessels react
first in contact allergy; extravasated lympho-
cytes "transfer" the damage secondarily to the
epidermis in an ascending pattern. The all too
common view that irritant and allergic reactions
are so similar as to be nearly indistinguishable
is a shibboleth of those whose clinical experience
far exceeds their histopathologic study of the
two types of reactions.
In the provocative test the irritant and al-
lergic histologic effects are blended but the
former is completely dominated by the latter;
the basic signature is the allergic one. It is
mainly a magnification of the typical response.
In practice, it is easier to read provocative tests
when the insult is so minor as to be on the
borderline of clinical detection. A control patch
is obligatory, consisting of a one hour exposure
to 10% SLS covered occiusively for 48 hours
Substance One day Three days
Kanamycin 2 2 1
Penicillin G 5 5 3
Streptomycin 4 4 2
Quinacrine dihydrate 2 2 2
(Atabrine)
Butyn Sulfate 2 1 1
Furacinlt 3 3 2
Neomycin Sulfate 2 2 0
20 19 11
with petrolatwn. If slight redness develops in
the control site, the allergen site must, of course,
show a considerably greater reaction to be re-
garded as positive. It can be shown, as a matter
of fact, that the allergic response is distinctly
potentiated even when the SLS treatment is
deliberately prolonged for eight. hours to yield
a sharp erythematous reaction. A greater reac-
tion on the allergen site as compared to SLS
alone is characteristic.
Why do mild injuries promote allergic re-
sponses and what particular features of SLS
account for its apparent superiority? The first
prerequisite, of course, is that the notorious
impermeability of the horny layer be lessened.
The allergen must be transported across the
'barrier' to its immunologic target, the dermal
microvasculature. This is more readily accom-
plished by chemical means which primarily at-
tack the horny layer than by physical procedures
(ultra-violet, freezing) in which the horny layer
becomes altered secondary to the underlying
inflammation. One hour of 10% SLS treatment
immediately damages the horny layer so that
the allergen leaches through it at once. SLS
incidentally is far more destructive to the horny
layer than DMSO (27).
Promoting penetration through the skin is
an absolute but not sufficient condition for en-
hancing the allergic response. The character of
the injury decidedly influences the result. Sand-
paper abrasion, for example, and even complete
removal of the horny layer by stripping maxi-
mize penetration but are inferior to chemical
injury. With these insults, the signs of inflam-
mation, especially perivascülar infiltration, tend
TABLE IV
Duration of SLS provocative effect
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to be mild and the whole process waxes and
wanes rapidly, evolving to a peak within hours
and regressing swiftly. Chemical insults act over
a longer time and tend to call forth more exuber-
ant vascular responses, perhaps conditioning the
target vessels toward greater responsiveness.
Would it not be simpler to combine the chemi-
cal irritant with the allergen in the same patch,
in lieu of the two step procedure? Indeed, this
was our original practice but experience cast
up difficulties. As a matter of fact, the combined
provocative patch test is excellent for most
materials and is even superior for some. The
difficulty is chemical incompatability which,
though it is not exceptionally common, is utterly
ruinous. A chemical reaction between the irritant
and the allergen which degrades the latter
abolishes the skin reaction altogether, while
debasement or complexing of the former removes
the potentiating effect.
Initially, I explored the effect of combining
the allergen with various surface active agents,
thinking to improve penetration by enhancing
intimacy of contact. The aim was better wetting.
Kvorning and Svendson used 1% Teepol, an
anionic detergent, for this purpose obtaining
positive reactions with nickel and chromium
in dilutions beyond threshold, and in a few
clinical instances when routine patch testing
failed (30). Moreover, Eisen and his co-workers,
by incorporating Tween 80 in the vehicle, ob-
tained positive responses with dilutions of their
experimental allergens which would otherwise
have been ineffective (31). We studied a variety
of surfactants of varying degrees of detergency
belonging to the three main classes: cationic,
nonionic and anionic. These were added to
a number of different allergens, in sub-irritating
concentrations but well within their surfactant
activity range. It will avail little to report this
experience in detail since the net result was so
disappointing. Usually there was no palpable
promoting effect even when aqueous solutions
were used for challenge. The nonionic detergents
(Tween", Triton' and Brij") were singularly
inexpressive. In non-irritating concentrations
the cationic surfactants (Hyamine", Ceepryn",
Roccal") were mildly effective. As a rule, anionic
surfactants are more damaging to the horny
'barrier' and so tend to be more potent. No
benefit is generally to be realized when com-
pletely non-irritating concentrations of surfac-
tants are included in occlusive patch tests. Wet-
ting and detergent powers are as a rule not in
themselves promoting, except when accompanied
by irritaney.
DISCUSSION
Practically all substances may act as contact
allergens for some persons after prolonged ex-
posure. Weaker allergens often induce some
immunologic change which nonetheless remains
below the level of clinical detection because of
the primitive crudity of patch testing as a
method of immunologic assay. Sub-clinical sensi-
tization is commoner than supposed. For ex-
ample, many individuals react to poison ivy
patch tests who are no longer vulnerable to
the plant itself owing to the lower concentration
of the allergen in the plant (32). These usually
are in the declining phase of sensitivity. Simi-
larly, by routinely patch testing dermatologic
patient with a "tray" of common allergens,
Hjorth often discovered persons to be patch
test positive to substances which were innocuous
when encountered in some other way, for in-
stance, as minor components in a therapeutic
cream (12). These marginal sensitivities may
never become elevated to the level of clinical
harmfulness.
Between frank and covert contact allergy
lies an indistinct stretch of twilight sensitiza-
tion, visible in some test lights and not in others.
It is this threshold zone which provocative test-
ing reveals. It is not the intent of this paper to
urge its routine use. At present, there are two
clear out indications, one clinical and one experi-
mental. The former exists when a dermatitis,
regardless of cause, is exacerbated by some con-
tactant to which the subject is nonetheless patch
test negative. Particularly suspect here are
water soluble agents which scarcely penetrate
normal skin and 'solid', finished articles such
as rubber, leather, clothing, plastics, etc. For
the latter, ordinary patch tests are trivial
exposures. Secondly, provocative patch testing
is indispensable in screening new agents for
allergenic potentiality. Without provocative
testing, many substances which will have pro-
hibitive rates of sensitization in widespread use
will fail to be recognized as contact allergens.
It is precisely with weaker sensitizers, that this
difficulty arises and which constitutes therefore
the unique indication for provocative testing.
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1. In the increasingly chemical environment
of modern life, there are individuals whose
marginal state of contact sensitization may not
be revealed by standard methods of patch test-
ing. The substances are often comparatively
weak allergens with extremely limited capacity
to penetrate normal skin.
2. Provocative patch tests magnify the mani-
festations of allergic contact dermatitis. Thresh-
old states of contact sensitization are brought
to light. Provocative testing is indispensable in
screening new substances for allergenic po-
tentiality.
3. Physical and chemical insults which mildly
damage the skin may act as provocative agents.
Physical injuries such as sandpapering and
ultraviolet radiation are inferior to chemical
insults.
4. The promoting effect of provocative tests
is mediated by assuring penetration into the
immunologic target tissue by damaging the
horny layer barrier and by initiating a mild
inflammatory response which conditions the tis-
sue to react in an exaggerated but specific way
to allergens.
5. Sodium lauryl sulfate (SLS) was the most
effective provocative agent. The SLS provoca-
tive test is performed by pre-treating the skin
for one hour with a 10% aqueous solution of
SLS.
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